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© M etho d of obtaining composite Ion 



© This invention relates to a method of obtaining 
composite kxv exchangers by implanting active in- 
organic sorbents into a matrix of an orgastic carrier. 
The inorganic sorbents are ferrocynides of various 
metals, hydrated antimony pentoodde, zirconium or 
titanium phosphates, and natural or synthetic 

Szeoftes. The matrix of the composite sorbent s is a 
resin formed from formaldehyde cross-inked suK 
l*)phonated phenols. Powdered inorganic sorbent is 
added to the reaction mixture in the process of 
pofycondensation of the matrix. The main advan- 
of the obtained com p osite sorbents are im- 
«fj proved mechanical stability and the spherical shape 
•^■cf the sorbent beads, decreased solubility of the 
O inorganic component in water, and relatively fast 
^ kinetics of the ion exchange process. 
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METHOD OF OBTAINING COMPOSITE ION EXCHANGERS 



This Invention relates to a method of obtaining 
composite ion exchangers which are formed as a 
result of implanting inorganic sorbents or ion ex- 
changers of specific sorptive properties into a poly- 
condensation matrix of an organic carrier. 

Numerous inorganic sorbent s and ion exchang- 
ers are strongly selective in relation to some metal 
ions. For example, ferrocyanides of bivalent metals 
efficiently sorb cesium ions, while hydrated oxide 
of pentavalent antimony selectively sorbs sodium 
ions from acidic solutions. Ferrocyanide sorbents 
are widely appDcable for purifying liquid radioactive 
wastes from ^Cs (V. Vesely, VPekarek, Talanta, 
13, 1972, 1245). Hydrated antimony pentoodde is 
frequently used in neutron activation analysis to 
remove "Na from activated samples of biological 
materials (AJCDe, AKSen, Sep.Sci.Techn., 1& 
1978, 517). 

However, the i n or ganic sorbents have some 
disadvantageous properties, undesirable in prac- 
tice, such as poor mechanical stability, irregular 
shape of the sorbent grains, relatively high solubil- 
ity in water, slow kinetics of the ion exchange 
process, as well as ratter high density - 
(C.B.Amphlett, "Inorganic Ion Exchangers", El- 
sevier PubLCo., Amsterdam, 1964). 

Several methods are known to modify some 
properties of the inorganic sorbents, wherein the 
sorbents are tran s fo rmed into composite materials. 
For instance, some Inorganic sorbents are depos- 
ited on carriers such as anion-exchange resins - 
(ICWatari. KJmai, MJzawa, JJ^ucLSd.TechoL, & 
1967, 190) or inorganic sorbents (RCaletka, 
C-Konecny, Radiochem. RadioanalLetters, 1£ 
1972, 325). Other composite sorbents are obtained 
by processing powdered inorganic sorbents with 
various polymers dissolved in organic solvents, fol- 
lowed by evaporation of the solvent (J.Stejskal et 
a!, JJfedioanaL Chenu, 21 » 1974, 371). ft is In this 
way that composite ferrocyanide sorbents 
(S.U.Pat, 1,012£69, Apr.23, 1983) as weti as com- 
posite atuminosOicate sorbents (US Pat 4,316*819, 
Feb. 23, 1982) were obtained in order to improve 
stability and to decrease solubility in water of the 
inorganic filler. However, the above mentioned 
methods are not always efficient in producing the 
composite sorbents of required physico-chemical 
properties. 

Another method allows to obtain the composite 
sorbents in the form of spherical beads by adding 
some metal salts or oxides to the reaction mixture 
in the polycondensation process of phenols and 
aldehydes, followed by processing the obtained 
product with aqueous solutions of aOcaGa, which 
tr ansfor ms the implanted salts or oxides into active 



inorganic sorbents (JapPaL 5,969, 151, Apr.19, 
1984). There is still another way to obtain compos- 
ite sorbents of hydrated titanium, zirconium, or 
stannic oxide in organic matrices, based on curring 

5 a mixture consisting of one of the given metal 
oxides and an epoxy, unsaturated polyester or 
pofyurethane resin (US Pat 4.362JB26, Dec.7. 
1982). Large but stiQ limited number of the com- 
posite sorbents can be obtained using the above 

ro methods. 

It ts the object of this invention to obtain the 
composite sorbents by introducing powdered active 
inorganic sorbents into the reaction mixture in the 
process of synthesis of the matrix of the composite 

75 sorbent As the inorganic sorbents we understand 
ferrocyanides containing at least one of the follow- 
ing metals: cobalt, iron, nickel, copper, manganese, 
zinc, titanium, cadmium, zirconium, chromium, va- 
nadium, lead, molybdenum, calcium and magne- 

20 sium. The following compounds also belong to the 
said inorganic sorbents: hydrated antim ony pentax- 
ide, zirconium or titanium phosphates, and natural 
or synthetic zeolites. The matrix of the composite 
sorbents is a resin formed from phenol or its de- 

25 rivatives cross-linked with an aldehyde, advanta- 
geously by formaldehyde. 

Ground inorganic sorbent of linear cfimenskxis 
of grains not exceeding 1 mm, desirably below 
0.03 mm, is added to one of the substrates or to 

30 the reaction mixture in the process of synthesis of 
the matrix. The synthesis is the process of poly- 
condensation of a compound selected from the 
phenol group with an aldehyde in the presence of a 
mineral acid, preferably H&O* as a catalyst, ad- 

35 vantageously the polycondensation of sulphonated 
phenol with formaldehyde. 

The composite ton exchangers obtained by the 
method of the invention contain the inorganic sor^ 
bent in the quantity of 1 to 80 mass % of the 

40 composite ion exchanger. The said composite ion 
exchangers are characterized by improved, high 
mechanical resistance, decreased sotubitity of an 
inorganic component in water and not too high 
density. Hard spherical beads of the composite 

46 sorbent of the required granulation are obtained 
when the process of synthesis is carried out by the 
method of peart polycondensation. Powdering and 
dispersing of the inorganic sorbent in the material 
of the matrix, the presence of hydrophfBc functional 

so groups, as well as the cross-Gnked structure of the 
said material cause advantageous effects on the 
kinetics of the ion exchange on the said composite 
ion exchangers. 
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EXAMPLE 1 

Manufacturing of the composite ion exchanger with 
titanium ferrocyanide. 

25 grams of molten phenol are added to 33 
grams of concentrated sulphuric acid and the sui- 
phonation of phenol is carried out at the tempera- 
ture of 120°C over a period of two hours. The 
sulphomass obtained is then cooled to a tempera- 
toe of 20*C and 10 grams erf 40 % aqueous 
solution of formaldehyde 8re dropped into it at 
such a rate that the temperature of the reaction 
mixture should not exceed 50°C. The solution ob- 
tained is cooled again to a temperature of 20*C 
and mixed with 3 grams of 40 % aqueous solution 
of formaldehyde. 17 grams of powdered titanium 
ferrocyanide are then added to the above mixture 
and suspended. The suspension of titanium fer- 
rocyanide is then slowly poured into 500 grams of 
oil heated up to a temperature of 90*C with vigor- 
ous stirring. This disperses the suspension into 
email drops which harden within a period of several 
minutes, forming spherical beads of the composite 
ion exchanger. The beads are then sep a rated from 
oil, degreased and dried. 42 grams of the compos- 
ite material containing 20 % of titanium fer- 
rocyanide are obtained. The sorbent obtained has 
high selectivity towards cesium ions, the cfistribu- 
tion coefficient of Cs* from 0.1 molar solution of 
ammonium nitrate being equal to 5910 s cmVg. 



EXAMPLE 2 

Manufacturing of the composite ion exchanger with 

— — . — — * - 

limflMNKtS 

20 grams of molten phenol are added to 26 
grams erf concentrated sulphuric acid and the mix- 
ture is heated at a temperature of 120*C over a 
period of two hours. The sulphomass obtained is 
then cooled to a temperature of 20*C and 8 grams 
of 40 % aqueous solution of formaldehyde is ad- 
ded to it while keeping the temperature of the 
mixture below 50*C. The solution obtained is then 
cooled to a temperature of 20*C and mixed with 
2-5 grams of 40 % aqueous solution of formal- 
dehyde, and then with 40 grams of p owdered mor- 
denita. The prepared suspension of mordenite is 
then slowly poured down into 400 grams of oil 
heated up to a temperature of 90 # C. The stirrer 
placed inside the vessel with oil disperses the 
suspension into smafl drops which harden within a 
period of several minutes, forming spherical beads. 
The beads are then separated from oil, degreased 
and dried. 30 grams of the composite ion ex- 
changer containing 40 % of mordenite are ob- 



tained. The granulation of the main fraction of the 
sorbent Is in the range of 0.3 to 1 mm. The ton 
exchanger obtained efficiently sorbs cesium tons 
from aqueous solutions. 

5 

EXAMPLE 3 

Manufacturing of the composite ton exchanger with 
io hydrated ant im ony perrtoxkte. 

25 grams of molten phenol are added to 33 
grams of concentrated sulphuric acid and the sui- 
phonatton of phenol is carried out at a temperature 

t5 of 120 # C over a period of two hours. Then, after 
cooing the sulphomass obtained to a temperature 
of 20*C, 10 grams of 40 % aqueous solution of 
formaldehyde are dropped into it while keeping the 
temperature of the reac tton mixture below 50*C. 

20 The obtained solution is then cooled to a tempera- 
ture of 20"C and mixed with 3 grams of 40 % 
aqueous solution of formaldehyde, and then with 
150 grams of powdered hydrated antimony pentox- 
ide. The suspension obtained is poured with vigor- 

26 ous stirring into 500 grams of oil heated up to a 
temperature of 90*C. The stirrer dispenses the sus- 
pension into srnaH drops which harden within a 
period of several minutes. The beads obtaned in 
such a way are then separated from oil, rt^grfl m eri 

so and dried. About 200 grams of the composite ton 
exc ha nge r con tainin g 70 % of hydrated antimony 
pentoxide ere obtained. The granulation of the sor- 
bent is in the range of 0.05 to 5 mm. the sorbent 
obtained shows high selectivity towards sodium 

36 tore. The dtat ribu t to n coefficient of sodium tons in 5 
molar KCI solution is equal to I^IO 3 cmVg. 



EXAMPLE 4 

40 

Manufacturing of the composite ion ex ch an ger with 
titanium phosphate. 

20 grams of molten phenol are added to 28 
46 grams of conce ntrate d sulphuric acid and the mix- 
ture is heated for two hours at a temperature of 
120 # C. The sulpho ma ss is cooled to a temperature 
of 20*C and mixed with 6 grams of 40 % aqueous 
eokition of formaldehyde, and then with 30 grams 
so of powdered titanium phosphate. The suspension 
prepared to slowly poured with vigorous stirring into 
400 grams of oil heated up to a temperature of 
WC. The suspension is cfispersed into smafl 
drops which harden within several minutes. The 
65 beads obtained are separated from oil degreased 
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and dried. 40 grams of the composite ion ex- 
changer containing 35 % of titanium phosphate are 
obtained. This sorbent efficiently sorbs cesium ions 
from aqueous solutions. 



Claims 

1. A method of obtaining composite ion ex- 
changers, consisting in implanting an inorganic ton 
exchanger into a matrix of an organic carrier, char- 
acterized in that the active ion exchanger is added 
to one of the substrates or to the reaction mixture 
in the process of synthesis of the carrier, providing 
that the carrier is a cation exchange resin obtained 
in the process of polycondensation of compounds 
selected form the group of phenols and from the 
group of aldehydes. 



2. The method of claim 1 wherein the inorganic 
ion exchanger is a ferrocyamde of a metal such as 
cobalt, iron, nickel, copper, manganese, zinc, 
titanium, cadmium, zirconium, chromium, vanatfi- 

5 urn, lead, molybdenum. 

3. The method of claim 1 wherein the inorganic 
ion exchanger is hydrated antimony pentoxide. 

4. The method of claim 1 wherein the inorganic 
ion exchanger are phosphates of titanium or zirco- 

ro rrium. 

5. The method of claim 1 wherein the inorganic 
ton exchanger are natural or synthetic zeoiites, 
advantageously mordenite. 

6. The method of claim 1 wherein the inorganic 
rs ion exchanger is added in the form of small grains 

of linear dimensions less than 1 mm, desirably less 
than 0.03 mm, and the amount of the inorganic ion 
exchanger added is between 1 and 80 % of the 
total mass of the composite ion exchanger formed. 
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